with monoclonal antibodies raised against human neural tissue. Marrow aspirate and trephine collagenase digest specimens from individual sites were each tested with the monoclonal antibody UJ13A and with a pool of three related antibodies. The results were compared with morphological assessment of conventionally stained aspirates and trephine specimens taken at the same time.
Immunostaining suggested the presence of tumour in seven of 18 staging procedures in which conventional techniques had shown infiltration. Tumour infiltration was also suggested in four of 10 staging procedures with suspicious trephine specimens, but in none of three with relatively innocent histological and cytological features. Immunological investigation provides no additional information about the presence of infiltration if conventional microscopy has shown definite tumour. When histological appearances are suspicious, immunostaining ofstored aspirate smears or collagenase digest specimens may provide evidence of infiltration.
There are insufficient data to comment on the value of immunostaining when conventional techniques reveal "normal" marrow, but the impression gained from this study is that immunostaining has a limited role in the detection of metastatic neuroblastoma, which yet remains to be defined.
Bone marrow infiltration in disseminated neuroblastoma may be difficult to detect, especially in aspirates, and particularly after treatment has started. Immunological methods for examining marrow with monoclonal antibodies directed against neuroectodermal cell antigens may complement morphological examination of aspirated material. A previous report described the histological appearances of bone marrow trephine biopsy specimens in this disease and suggested a scheme for grading specimens.' In addition to specimens in which tumour was easily identified, there were specimens with distorted architecture and increased fibrosis which, it was suggested, implied that Patients and methods Twelve children with neuroblastoma who had bone marrow infiltration at diagnosis were studied. All were treated with aggressive chemotherapy. Marrow aspirates and biopsy specimens were obtained from two to four iliac crests on one to six occasions from each child. Thirty three staging procedures were available for analysis.
One set of native bone marrow smears from each child was examined after standard Romanowsky staining. Duplicate sets were wrapped in plastic film and stored at -20°C. Trephine biopsy cores were processed for routine histopathological examination, after, in some cases, removal of a fragment for digestion with collagenase, followed by cytocentrifuge preparation of slides of the liberated cells,3 which were also wrapped and frozen. Later, slides were thawed, unwrapped, number coded and stained in batches using an indirect immunoalkaline phosphatase method with a labelled second antibody. 2 Two tests were applied to available smears and collagenase preparations from each iliac crest. One was the monoclonal antibody UJ13A, and the other a "pool" of three antibodies: UJ127.11, UJ181.4, and 5.1.H11.
All detect antigens present on cells of neuroectodermal origin and were kindly supplied by Dr J Kemshead, Imperial Cancer Research Fund Laboratories, Institute of Child Health, London. The tumour cells from all 12 children reacted with UJ13A at diagnosis.
Tests with UJ13A and with the "pool" of antibodies were performed either on separate slides or together on different areas of the same slide, depending on the size of the smear available.
The entire surface of each smear was examined independently by two observers (MMR and PC). Results were recorded as positive if immunostaining cells, either singly or in clumps, were thought to represent tumour. A negative result was recorded if the Sixty internal experimental known control slides were used. "Known positive" controls using cytocentrifuge preparations from a stock supply of heavily infiltrated marrow and "known negative" controls using omission or substitution with mouse immunoglobulin of primary antibody, or using non-neuroblastoma material (acute leukaemia), were processed with each batch. In addition, 17 slides from patients without neuroblastoma, four from a child with stage Immunocytochemical examination of bone marrow in disseminated neuroblastoma (fig 1) . Secondly, larger single "macrophagelike" cells with oval nuclei and irregular trailing cytoplasm, only very rarely found in normal marrow, were frequently present in smears from the children with neuroblastoma (fig 2) . Finally, osteoblasts often stained brightly, especially at the periphery of the cell (fig 3) . They appeared both singly and in clumps and formed the only readily identifiable group of non-malignant cells which reacted with the monoclonal antibodies in this study. Their morphological appearance is quite distinct from that of clumps of tumour cells (fig 4) .
Discussion
The ability to perform immunofluorescence or immunocytochemical tests is within the capacity of most haematology and pathology departments, but their interpretation is by no means easy. We found that immunofluorescence techniques for detecting neuroblastoma cells in aspirated bone marrow were unsatisfac- :.
I im
to provide diagnostic features; subsequent aspiration resulted in dilution with blood, and clumps of tumour cells did not survive the separation and washing procedures. We therefore chose an immunocytochemical method applied to smears of native marrow to show reactivity with the monoclonal antibodies in our study. The technique also permits reexamination ofthe morphology ofreacting cells rather than relying on the ephemeral nature of fluorescence.
Rogers et al reported a high sensitivity and specificity for UJ13A in the detection of neuroblastoma in aspirated marrow by immunofluorescence, but used necessarily arbitrary criteria for defining the "true" answers against which their tests are judged.4 This is a difficulty in the assessment of any of these immunological techniques. The only results which can be said to represent the "true" answer are the positive identification of tumour cells on Romanowsky stained smears and biopsy specimens, but even these remain, to some extent, a matter of judgment. 
